Microflora of cyanobacteria and algae of small forest dystrophic Lake Sęczek located in the Masurian Lake District, NE Poland, was investigated in 2012 and 2013. A total of 16 genera with 7 species of cyanobacteria and 56 genera with 74 species, 6 varietas and forms of algae were determined. Most of them represented commonly occurring microorganisms of slightly acidic waters, but some of them are considered rare, i.e. the oscillatorian cyanobacterium Katagnymene accurata Geitler (for the first time found in Poland), and green algae Coenochloris sphagnicola Hindák, Mucidosphaerium sphagnale (Hindák) C. Bock, Pröschold et Krienitz, Closterium navicula (Bréb.) Lütkem., and Cosmarium cf. aphaerosporum var. corribense (W. et G.S. West) Krieger et Gerloff., which are described in more detail. As regards the species diversity, the plankton of the lake was rather species-poor in contrast to the algal communities in the Sphagnum littoral.
INTRODUCTION
Water in dystrophic lakes is dark brown in colour due to the high content of weak humic acids , Górniak 2006 , Wilk-Woźniak et al. 2012 . Additionally, another specific features of these water bodies include acidic pH, low specific conductivity and low concentrations of most ions, the presence of Sphagnum carpets in the vicinity of water, low taxonomic diversity of phytoplankton, zooplankton and macrophytes, and semi-liquid sediment called ''dy.'' This type of lakes are called dystrophic, humic or dark brown lakes. Now, all three names as regarded as synonyms in North and Central Europe .
Dystrophic lakes and peat-bogs are characteristic by their specific microflora of cyanobacteria and algae. Many taxa have been described in this habitat from different countries (cf. Korshikov 1953; Skuja 1964; Lenzenweger 1996 Lenzenweger , 1999 Kulikovskyi et al. 2010) including Poland (Hindák 1980) and Slovakia (Hindák 1980 , Dvořák et al. 2014 . The diversity of microflora of cyanobacteria and algae in Polish dystrophic waters was recently studied by many authors, e.g. Hutorowicz et al. (2006) , Piątek (2007) and Wilk-Woźniak et al. (2012) .
Apart from the study by Olszewski & Paschalski (1959) of limnological characteristics of some lakes in the Masurian Lake District, and Javornický´s (1965) description of a new dinoflagellate − Katodinium mazuricum, there are no data on phototrophic microflora of small forest dystrophic Lake Sęczek in the Masurian Lake District. In this article we listed all identified species from our sampling in 2012-2013 with special attention to some rare organisms.
MATERIALS AND METHODS

Study area
The investigated site is a small forest lake without outflow located in the protected area Natura 2000 PLH280048 Ostoja Piska (53°43'43", 21°32'48"; Fig.  1 The field tests included: visibility of Secchi disc, temperature, pH, oxygen saturation, and concentration of dissolved oxygen (HachLange Sonde). Laboratory analyses of the water were conducted according to methods described by Hermanowicz et al. (1999) . The dissolved organic carbon (DOC) content was determined using a Shimadzu organic carbon analyzer (TOC) 5050A according to the procedure proposed by Zieliński & Górniak (1999) . Chlorophyll-a concentration was determined by the spectrophotometric method. Samples were filtered on GF/C filters and extracted with boiling 90% ethanol (Lorenzen 1965 , Nusch 1980 . Plankton samples were collected from a wooden footbridge in the central part of the lake by a plankton net (mesh size 10 µm) from the surface layer of 0-1.5 m, and from the adjacent Sphagnum littoral in 2012 (May 20, August 6) and 2013 (June 3). Observations were carried out under a Leitz Diaplan light microscope, and photomicrographs were taken with a Wild Photoautomat MPS45. The preserved material in formaldehyde, diatom permanent slides and micrographs are stored at the Institute of Hydrobiology, the University of Bialystok and at the Institute of Botany, the Slovak Academy of Sciences, Bratislava.
RESULTS AND DISCUSSION
Water parameters
Water in the lake was characterized by acidic pH and a high content of dissolved organic carbon compounds similarly to other dystrophic lakes (Table  1) , Górniak 2006 , Zieliński et al. 2011 , Wilk-Woźniak et al. 2012 . Average concentration of total phosphorus, total nitrogen and a mineral form of nutrients in the Sphagnum littoral was higher than in pelagial. Secchi disc visibility ranged from 1.00 to 1.10 m ( Table 1) .
List of identified taxa
According to our observations, 16 genera with 7 species of cyanobacteria and 56 genera with 74 species, 6 varieties and forms of algae were identified both in the plankton and the littoral. 2f) and with a great number of colourless euglenophytes from the genera Astasia and Entosiphon. Taxa from other groups of algae occurred sporadically, e.g. cyanobacteria Planktothrix agardhii, Chroococcus sp., and a chlorophyte Koliella spiculiformis. In the plankton sample collected on August 6, 2012, a mass development of Cosmarium cf. aphaerosporum var. corribense having extremely minute cells was observed (Fig. 2h) .
Most of the species listed below were identified from the Sphagnum littoral. Several of them are characteristic organisms of this slightly acidic environment, e.g. Anabaena augstumalis, Hapalosiphon fontinalis (Komárek 2013) (Lenzenweger 1996 (Lenzenweger , 1999 and Euglena mutabilis.
Cyanobacteria
Katagnymene accurata Geitler 1982 (Figs 2 a-d)
This oscillatorian species was described by Geitler (1982) from dystrophic littoral parts of mountain Lake Obersee near Lunz, Austria. Filaments are distinguished by bright blue-green colour and by bipartition after reaching a certain length. Some years after the original description, the species was observed in the Sphagnum littoral of Lake Zollnersee, Carinthia, S Austria (Hindák 1988) and also in Switzerland (Hindák 2001 (Hindák , 2008 . In Slovakia, the species was first noticed in the peat-bog Klin, Orava (Hindák 2012 , Hindák & Hindáková 2012 , but nowadays, several records are published from the Tatra National Park, Slovakia .
Katagnymene accurata in Lake Sęczek is the first report from Poland (cf. Komárek & Anagnostidis 2005) . The main diagnostic features of the species did not differ significantly from other published literary data. Single, free filaments, more or less straight, slightly curved to slightly S-shaped, relatively short, mostly 60-170 µm long (Figs 2a-c) , only occasionally longer. Hyaline sheath of a filament was firm and distinct. In contrast to the Austrian material, the mucilage layer around filaments was not visible. Filaments were bright blue-green, slightly constricted at the cell walls, slow gliding. Cells were discoid, conspicuously shorter than wide, 1.5-2 µm wide and 8-10.5 µm long, slightly granulated, with the peripheral chromatoplasm more intensively coloured than the central centroplasm. Apical cells broadly rounded, hemispherical, up to 6-(9) µm long, or nearly spherical, occasionally separated from trichomes (Fig. 2a) . Filaments divided by a separation disc into two equal or slightly unequal parts (Figs 2b,  c) . Daughter filaments separated soon or remained in 2-5 together for some time (Fig. 2d) .
Our findings of Katagnymene accurata in Austria, Switzerland, Slovakia, and now in Poland show that this species is not rare in littoral of peat-bogs in Central Europe. Probably it has been overlooked or identified as hormogonia of other cyanobacteria. Filaments grew well in a laboratory cultivated material (in subcultures, "Zimmerkulturen" in German literature).
Rhaphidophytes
Gonyostomum semen (Ehrenb.) Diesing
Gonyostomum semen is a mixotrophic species characteristic of dystrophic waters, acidic lobelia waters and peat pits in the northern and eastern part of Poland (Grabowska & Górniak 2004 , Hutorowicz et al. 2006 , Zieliński et al. 2011 , Pęczuła 2013 ). According to Karosienė et al. (2014) , G. semen is an invasive species in Lithuanian lakes where it occurred in humic, lobelia and eutrophic lakes.
In epilimnion of Lake Sęczek, Gonyostomum semen was not abundant. The cell morphology was typical for the species: obovoid, dorsiventrally flattened cells with more or less pointed caudus and triangular cavity (Koreiviené et al. 2012) . In Lake Sęczek, the length of the species varied from 50 to 69 μm, width 32 -41 μm. Hutorowicz et al. (2006) and Karosienė et al. (2014) determined greater variability of G. semen, 45 -120 × 18 -70 μm and 24 -82 × 14 -48 μm, respectively.
Diatoms
Diatoms play an important role in peat-bogs as they usually dominate in Sphagnum flora. Some of the taxa are exceptionally rare, often listed as endangered taxa (Lange-Bertalot 1996) and confirm the fact that peat-bogs represent an unique biotope in Central Europe (e.g. Piątek 2007 , Hindák & Hindáková 2012 . Furthermore, several diatoms were described as new taxa to this environment (Kulikovskyi et al. 2010) . Following this fact, we were expecting to find some rare and threatened diatoms in the peat-bog of Lake Sęczek. However, the species richness of diatoms was relatively poor compared to our data from the peat-bog Klin (Hindák & Hindáková 2012) or data by Kulikovskyi et al. (2010) . Furthermore, most of the determined diatoms belong to frequent and commonly abundant taxa occurring in peat-bogs or in acidic waters with low electric conductivity (cf. Lange-Bertalot et al. 2011 ). In our samples, the most species rich genera were Eunotia (8) and Pinnularia (3).
Eunotia bilunaris (Ehrenberg) Schaarschmidt (Figs 3a-e) was one of the most abundant Eunotia species in our samples. Apart from typical arcuate valves (Figs 3a, b) , we observed many cells with outline anomalies: valves with belly-like in the middle of ventral margins (Figs 3c-e Some specimens of the less abundant populations of Eunotia nymanniana Grunow (Fig. 3 k, l) could resemble E. tenella (Grunow) Hustedt (Fig. 3 i-j) . The latter, however, occurred here with its typical smaller valves. Some valves of Eunotia observed in Lake Sęczek (Fig.  3 h ) resemble E. novaisiae − the species known only from a peat bog in Canada and from an acidic lake in the USA (Lange-Bertalot et al. 2011) . Linear valves, with ends distinctly offset belonged to specimens of Pinnularia subcapitata var. elongata Krammer (Figs 3 m, n) , while other capitate valves of P. sinistra Krammer (Fig. 3 o) and P. biceps Gregory (Fig. 3 p) were only sporadically found; all the abovementioned species are considered cosmopolitans. Fig. 3 . Diatoms a-p: a-e Eunotia bilunaris, f, g E. boreotenuis, h E. novaisiae, i-j E. tenella, k-l E. nymanniana, m-n Pinnularia subcapitata var. elongata, o P. sinistra, p P. biceps. Scale bar = 10 µm
Chlorophytes
Coenochloris sphagnicola Hindák 1980 (Fig. 2e) This species was described from the peat-bog reserve of Bór na Czerwonem in Nowy Targ, Poland (Hindák 1980) , and later observed also in Slovakia (peat-bog Klin, Orava; Hindák & Hindáková 2012) . Our finding in Lake Sęczek on June 3, 2013 corresponds well with the original description from Southern Poland.
Coenochloris sphagnicola is distinguished by dense mucilaginous colonies in which cells are positioned tetrahedrally. Cells always multiply by 4 autospores released by gelatinization of the mother cell wall. The mucilage is hyaline, without structure, which is in contrast to original material where remnants of mother cell walls were visible. Cells are spherical or spherical oval, 7.5-11 µm in diameter. One chloroplast, parietal, bright green, massive, covering the entire parietal perimeter of the cell, with one pulvinate opening and without a pyrenoid.
Formation of zoospores was not observed.
The species is an obligatory acidophile, living among Sphagnum, easily recognizable by large mucilaginous colonies and by spherical to oval cells, with one big central vacuole and by the absence of a pyrenoid.
Mucidosphaerium sphagnale (Hindák) C. Bock, Pröschold et Krienitz (2011) (Fig. 2 f) Synonym: Dictyosphaerium sphagnale Hindák 1980 Colonies free, spherical to tetrahedral, 4-16-celled, with distinct mucilaginous envelopes. Mature cells oval, widely oval to ovoid, 5.5 µm in diameter, young cells elongate, semilunate, attached by their end to the long mucous strand (remnants of the mother cell wall). Chloroplast parietal, trough-to cup-shaped, with a pyrenoid. Autospores 4.
The species was first found by Hindák in October 1976 in the peat-bog reserve Bór na Czerwonem in Nowy Targ, together with Coenochloris sphagnicola, and in 1978 in the peat-bog littoral of the Popradské Pleso lake in the High Tatras, Slovakia (Hindák 1980) . It was also observed in the plankton of the Orava reservoir (Hindák & Hindáková 2010) . Based on morphological and molecular data, this name is currently regarded as a taxonomic synonym of Mucidosphaerium sphagnale (Hindák) C. Bock, Pröschold et Krienitz (2011) .
Colonies were commonly observed in Lake Sęczek, both in the plankton and in the Sphagnum littoral. In August 2012, the species was one of the dominant taxa. The species differs from morphologically similar Dictyosphaerium elegans Bachman sensu Skuja by the presence of a pyrenoid (Hindák 1980 , Komárek & Fott 1983 .
Desmids
Closterium navicula (Brébisson) Lütkemüller (Fig.   2 g) Cells broadly fusiform, regularly naviculoid, 35-45 × 10-12 µm, with rounded ends. The cell wall smooth, colourless, without structures. Chloroplast parietal, with several longitudinal ridges and one pyrenoid in semicells. One small refractile body in a vacuole at each end. The species occurs in slightly acidic waters where it is easily recognizable by its peculiar naviculoid boatshaped cells. Similar species Cl. closterioides has bigger cells (200-300 × 35-45 µm) and more pyrenoids in semicells (Lenzenweger 1996) .
Cosmarium cf. aphaerosporum var. corribense (W. et G.S. West) Krieger et Gerloff (Fig. 2 h) Cells longer than their width or a little broader, slightly twisted, 5-6 × 4.5-5.5-(6.5) µm, moderately constricted, sinus short and open, isthmus 3.5-4 µm, thickness 3 µm, semicells subtrapeziform. The cell wall smooth, without papillae. Mucilage envelope hyaline, no structures, about 6-8 µm around the cells. Chloroplasts parietal, small, one in each semicell, each with a pyrenoid. Zygospore not observed.
In the plankton samples from August 6, 2012, this minute Cosmarium species occurred in great abundance. This is the main reason why we mention it here, although we are not able to identify it precisely on the species level. Based on the cell shape, it resembles Cosmarium aphaerosporum var. corribense (W. et G.S. West) Krieger et Gerloff or C. bicuneatum (Gay) Nordstedt, the cells of which are, however, much bigger, like in C. pygmaeum Archer or in C. sphagnicolum W. et G.S. West and distinguished by the presence of papillae on cell walls (Lenzenweger 1999) .
